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INTRODUCTION

When the earth's atmosphere is denied solar radiation during an
eclipse of the Sun, marked changes occur in its state, particularly
in the ionosphere, where the effects can be studied by means of
radio waves. At lower elevations, the absence of solar radiation

also affects the mesosphere and upper stratosphere, where ozone
concentration Is increased due to the absence of photodissociation.
The studies made during two total solar eclipses, one at Tartagal,
Argentina (22*32'S, 63050'W) [I] and the other at Wallops Island,
Virginia (3750'N, 75029'W) [2] showed an increase in ozone
concentration and a decrease in temperature respectively at and
near the stratopause level.

The stratospheric circulation in the Northern Hemisphere has been
shown to exh!bit a strong diurnal response to solar heating in the
45-55 km altitude region [3, 4 . This diurnal tidal motion is

characterized by wind variations of the order of 20 meters per
second in a layer centered near the stratopause level. Rocket
measurements indicate a well-developed meridional variation, with
the circulation directed towards the equator during the evening
and morning hours (2000 to 0800 local "?ime) and away from the
equator during the rest of the time [5].

An experiment to study solar eclipse effects upon ozone,
temperature, and wind field in the upper stratosphere was performed
at Poker Flat, Alaska (65*07'N, 147*28'W), where a partial solar
eclipse occurred on 10 July 1972.

EXPERIMENT

The path of totality passed over northern Alaska and moved
northeastward across Canada. The launch site was located nearly
300 km south of the totality path. The first contact at the launch
site occurred at 0853 local time and the last contact was at 1107.
The maximum occultation was at 0958 (92%). The sensors used in the
study were chemiluminescent ozonesondes [6] which Incorporated
temperature-sensing bead thermistors on a time-sharing basis with
ozone sensors. Arcas meteorological rockets were utilized to carry
the sensors, parachutes, and transmitters to an altitude of 50-55
km. After ejection, the sensors descended via radar reflective
parachutes (4.5 m diameter). The transmitted signals were pulse
modulated and received by a reteorological ground receiver on a
carrier frequency of 1680 MHz. A Nike-Hercules radar was used for
tracking the parachutes and for determination of instrument
altitude with time.
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The temperature-ozonesondes deployed in this study measured ozone
concentration, temperature, and winds during the week of eclipse
as well as before, during and after the partial eclipse day. The
soundings made in this period resulted in five ozone, four
temperature, and nine wind profiles. One ozone-profile was
obtained from an electrochemical ozonesonde (MAST type) [7] flown
on a balloon. The actual timings of the various soundings are
given in Table I.

RESULTS AND DISCUSSION

The results derived from the various data which were obtained from
the high altitude rocket soundings are summarized below. Five
ozone profiles, two on 7 July, two on 10 July, and one on II July
1972, are shown in Figures I through 3. Temperatures are given in
Figures 4 and 5. Wind data in component form are shown in Table 2.

NIE

Ozone is a trace constituent of the upper atmosphere. Even at its
maximum concentration, there are only six molecules for one million
other air molecules. Despite its scarcity, ozone acts as a strong
absorber for solar ultraviolet radiation (2000-3000A) and plays a
dominant role in determining the characteristics of the mesosphere
and stratosphere.

A great variety of photochemical processes takes place in the upper
atmosphere; only those involving the various forms of oxygen are
relatively important in determining the amount of ozone. These
important reactions are:

0 + 02 + M go 03 +M l)

where M is any third atom or molecule.

02 + hv BP 0 + 0 (A< 2423A) (2)

03+0 - 02 + 02

0 + hv - 02 + 0 (X< IIOOOA) (4)
32

where h is Planck's constant, v is the frequency of radiation and X
is the wavelength. More detailed photochemical theories involving
neutral constituents such as hydrogen, nitrogen, and their compounds
have been studied by various investigators (see, for example,
Hesstvedt [8], Dutsch [9], Leovy [10], Shimazaki and Laird [II], and
Nicolet [12]).
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The theoretical study made by Hunt £13] to investigate the effect
of solar eclipse on the stratosphere showed no variation from the
normal in the ozone concentration below 45 km altitude. The study
was based on the fact that as soon as the solar radiation is
blocked from the earth's atmosphere, dissociation of oxygen (Eq. 2)
and dissociation of ozone (Eq. 4) no longer take place. The atomic
oxygen combines with molecular oxygen to form ozone, and thus an
increase in ozone will be observed. As the concentration of atomic
oxygen in the lower stratosphere is very small compared to the
concentration of molectilar oxygen, net Increase In the lower
stratosphere w'; be insignificant.

I- In this experimental study, two soundings were made on 7 July, one
with a rocket and the other with a balloon. The balloon observation
was made with an electrochemical sonde (MAST) which measured ozone
concentration from the surface to about 30 km. These results are
shown in Figure I and agree very well wtth one another In the
overlap region. Two more rocket ozonesonde observations were made
on 10 July, one at 0845 and the other at 0956. The results are
plotted in Figure 2. The maximum partial eclipse (92%) occurred at
0958 local time. The uncertainty in these observations is evaluated
mainly on two factors, i.e., flow rate and calibration, and is
estimated to be of the order of t15%. The sounding made at 0956 did
not show any appreciable change from the earlier sounding above 40
km altitude. The daylight at that latitude at the time of study was
more than 21 hours. The solar radiation was never cut off from
reaching the atmosphere, and this probably contributed to the lack
of increase in ozone concentration in the stratopause region. The
increase in ozone around 35 km cannot be due to solar eclipse since
not enough atomic oxygen is available to show such a change, but
other meteorological factors such as advection may be the cause.
This is also evidenced by the sounding made on i July (plotted In
Figure 3) indicating the daily variability of ozone at these levels.
Ozone concentration as measured at various altitudes during this
study are given in Table 3.

TEMPEPATURE

Temperatures as recorded from the rocket observations are shown In
Figures 4 and 5. At 45 kin, temperatures recorded on 9 July (1000
LT and 1500 LT), 10 July (0845 LT), and II July (1000 LT) are +1,
+6, +5, and +60C, respectively. Because the thermistor was damaged
on the 0956 LT sounding, temperatures could not be recorded at the
peak of the partial eclipse. It seems that the daily change in
temperatures in all the soundings is of the order of 4-50C near the
stratopause level, and the partia! solar effect may not be greater
than that since there was never a complete cutoff of the solar
radiation.
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~WINDS

The component winds as obtained from these rocket soundings during
the period 7-11 July 1972 are shown in Table 2. Generally the
winds, especially the north-south component, are found lo be low.
The effect of partial solar eclipse seems to be negligible on the
circulation. For example, on 10 July the east-west component as
measured at 46 km for the five soundings is respectively -20, -23,
-25, -26, and -17 meters per second (the minus sign indicates a
wind blowing from east to west). At the time of maximum partial
eclipse, wind speed was -25 meters per second and at the end, -26
meters per second. On 9 July (1000 LT) at 46 kin, the east-west
component was -20 meters per second, whereas on II July (1000 LT),
It was -23 meters per second, thus indicating no significant
variation during the time of partial solar eclipse. North-south
component winds were very light throughout the duration of the
experiment. On 10 July, these components as measured at the 46 km

level were -2 (0745 LT), -1 (0845 LT), +1 (0956LT), +2 (1100 LT),
and +3 (1530 LT) meters per second (the positive sign indicates a
wind blowing from south to north). On 9 Ju!y at the same level,
winds were +1 (1000 LT) and +8 (1500 LT) meters per second, again
indicating no appreciable change due to partial solar eclipse.

CONCLUSIONS

The experiment performed during a partial solar eclipse at Poker
Flat, Alaska, indicated no detectable variations in ozone
concentration, temperature, and wind in the upper stratosphere
during the time of the solar eclipse. Observations were made
during the week of solar eclipse as well as during and immediately
before and after it. The daylight at the site was more than 21
hours at the time of the experiment, and the partial occultation
of slightly more than two hours did not produce any observable
change in the above parameters in the subpolar stratosphere.
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TABLE I

LAUNCH T I MES OF VARIOUS SOUNDINGS

Date Launch Timre (Local Ti me) 1-basured Paramreters

7 Jul ;200 Ozone, wind

7 Jul 1500 Ozone (balloon)

9 Jul 1000 Temrperature, wind

9 Jul 1500 Temperature, wind

10 Jul 0745 Wind

10 Jul 0845 Ozone, temrperat-ure, wind

10 Jul 0956 Ozone, wind

10 Jul 1100 Wind

10 Jul 1530 'Ki nd

11 Jul 1000 Ozone, terrperature, wind

7



TABLE 2

W,'WIDS, MEASURED AT DIFFERENT ALTITUDES

AlTimude (,trt) 7 July (1200) 9 July (1000) 9 July (1500)
-___ ~ N+S -+h* -+S -E+W -.11-S -E+"

-, -12 4 -16 1 -Ii1

2 -10 4 -16 0 -io

37 4 -13 4 -14 3 -12

38 5 -15 5 -13 4 -14

394 -14 , -13 4 -14

40 3 -15 9 -18 3 -16

41 2 -19 7 -18 3 -18

-'2 2 -22 3 -21 7 -19

43 -1 -21 -17

44 - 1 -20 12 -16

45 3 -18 5 -14

1 -20 8 -15

47 9 -17

47 -'

49 7 -20

j0 6 -22
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TABLE 2 (con.)

Altitude (W) 10 July (0745) 10 July (0845) 10 Jul (0956)

-NS -E +e -H-4+S -f-.1 -fI+S -E+Wf

35 -3 -14 -5 -i6 -2 -18

36 I -18 -2 --15 ! -18

37 -18 0 -15 4 -18

38 4 -16 3 -14 8 -13

39 5 -17 5 -13 I0 -13

40 6 -19 5 -13 8 -13

41 5 -19 4 -14 3 -14

42 3 -19 2 -15 1 -15

43 1 -18 2 -17 1 -17

44 -2 -15 3 -19 1 -20

45 -3 -16 0 -18 0 -23

46 -2 -20 -1 -23 I -25

47 -1 -26 0 -27 4 -26

48 -I -29 4 -28 5 -25

49 -2 -30 5 -29 6 -25

50 2 -3! 1 -31 3 -25
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TABLE 2 (con.)

Altitude (km) 10 July (1100) Io July (1530) II July (1000)
-N+S -E+W -N+S -E+W -N+S -E+W

35 3 -15 4 -9 2 -14

36 4 -15 2 -10 -2 -13

37 6 -14 2 -I0 2 -14

38 6 -13 -I -10 4 -14

39 7 -II -I -12 6 -12

40 4 -13 0 -15 2 -14

4i I -15 I -18 4 -19

42 I -18 4 -16 3 -20

43 2 -22 5 -16 3 -22

44 0 -23 5 -19 4. -25

45 0 -25 4 -18 4 -23

46 2 -26 3 -17 I -23

47 6 -24 2 -16 4 -25

48 7 -24 2 -16

49 5 -26

j
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TABLE 3

OZONE CONCENTRATION (IPOLECULES/M3) AT DIFFERENT ALTITUDES

Altitude (kin) 7 July 10 July 10 July 1I July *
1200 0845 0956 1000

17 17 17 135 8.OXIO 7.6XI0 10.3X10 15.6XI0'

37 6.2 5.4 8.2 10.5

39 4.2 4.2 5.2 6.5

41 2.5 2.9 3.5 4.4

43 1.0 1.9 2.0 2.6

45 -- 1.2 1.1 1.4

4716 16 1
47--7.OXIO 5.8XI0 7.IXI0 1

48 5.0 3.6 5.0

I.I
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Figure 1. Ozone Concentration over Poker Flat, Alaska or. 7 July 1972.
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